Steady state measurements of the diffusing capacity of the lung are made at operational lung volume, whereas measurements by the breath-holding method are customarily made at full inspiration. The effect of lung inflation on diffusing capacity must be taken into account before the steady state and breath-holding methods can be validly compared.
Steady state measurements of the diffusing capacity of the lung are made at operational lung volume, whereas measurements by the breath-holding method are customarily made at full inspiration. The effect of lung inflation on diffusing capacity must be taken into account before the steady state and breath-holding methods can be validly compared.
At rest the single breath diffusing capacity of the lung for CO (DLCO) increases as the lung is inflated, presumably due to expansion of the alveolar-capillary surface; the volume of blood in the pulmonary capillary bed does not increase (1) (2) (3) (4) (5) . During exercise the diffusing capacity, measured at full inspiration, increases with pulmonary blood flow, and this increase is associated with expansion of the pulmonary capillary blood volume (1, 2, 6, 7). It is not known how changing the lung inflation affects the expansion of the pulmonary capillary surface and blood volume during exercise. To investigate this problem we measured DLCO by the breath-holding technique at different lung volumes at rest and exercise in five healthy adults. Measurements were made at two different alveolar oxygen tensions to calculate membrane diffusing capacity for carbon monoxide (DMco) and pulmonary capillary blood volume (Vc) by the method of Roughton and Forster (8) .
We have compared our measurements of diffusing capacity obtained by the breath-holding method with steady state measurements from other laboratories.
* Submitted for publication July 6, 1965 ; accepted December 16, 1965. Supported by grants from the U.S. Public Health Service (HE 07744 and HE 06296 after expiration of 1.0 to 1.2 L to insure clearing of the dead space. This limited the lowest volume at which DLco could be measured.
All measurements at rest were made with the subject seated upright. Treadmill exercise was performed at 7 to 9 miles per hour on the flat for a duration of 5 minutes.
DLco changes with the level of pulmonary blood flow.
Therefore, to insure that the measurements of DLco at different alveolar oxygen tensions used for calculating DMco and Vc were at comparable blood flows, we interpolated as shown in Figure 1 .
Results
DLCO at different lung volumes at rest and during exercise is given for all subjects in Table II and graphically for subject JM in Figure 1 . It increases as the lung is inflated both at rest and exercise. This increase in DLCo is due to increased membrane diffusing capacity (Table III) . DMCO increased from FRC to TLC in all five subjects both at rest and exercise. It is highly improbable that this could occur by chance (p < 0.01). The state of lung inflation did not significantly affect the volume of the pulmonary capillary bed at rest or its increase during exercise (p > 0.2, Figure 2 ). (Figure 3 ). This concept that DMco increases in direct proportion to the expansion of alveolar surface is a simple and easily visualized explanation of the data. The true mechanism whereby DMco increases may be more complex: alterations in the absolute value or the distribution of the hematocrit within the capillary bed, or both, changes in the shape of the capillaries, and thinning of the alveolar membrane may also affect the DMco as the lung expands.
Pulmonary capillary blood volume. The pulmonary capillary blood volume did not change significantly from FRC to TLC in the present series. When a rubber tube is stretched the diameter decreases as the length increases. The VA = 6,720 ml 6.486 ml change in the luminal volume of such a tube when it is stretched will depend upon which dimension changes more. A doubling of lung volume will increase the diameter of the alveoli by approximately 26% (11) . The vessels contained within these alveoli must be stretched correspondingly. Cloetta (12) showed that when a rubber tube is stretched by this amount the luminal volume of the tube increases by only 3%o. The present studies suggest that lung capillaries behave in the same way as the rubber tubes used by Cloetta so that stretching the alveolar surface has a negligible effect on pulmonary capillary blood volume. This concept is consistent also with the results reported by Ramlo and co-workers (4). Hamer (3) (7, (19) (20) (21) . Averages were made for each 500-ml increment of oxygen uptake; the number accompanying each plotted point indicates the number of observations. There were 250 observations on 124 healthy young adults (mean age, 27 years; BSA, 1.89 in2). The pulmonary blood flow of our data was translated into terms of oxygen consumption in accordance with the measurements of Mitchell, Sproule, and Chapman (22) . The steady state DLO2 values (0) were obtained from the data of other laboratories (6, 7, 19, (24) (25) (26) (27) (32) . Nonuniform ventilation or perfusion will not affect the single breath DLCO provided the diffusing capacity is uniformly distributed with respect to lung volume (32) . If the ratio of diffusing capacity to lung volume is nonuniform, the single breath measurement can be normal, falsely high, or falsely low depending upon the alveolar sample obtained.
A likely explanation for the steady state and single breath values for DL being different when measured at the same lung volume at rest and similar at exercise is that the relationships among ventilation, perfusion, and diffusing surface become more uniform from rest to exercise.
Summary
Membrane diffusing capacity increases as the lung volume expands from functional residual capacity (FRC) to total lung capacity (TLC). The increase is proportional to the estimated increase in alveolar surface area and occurs at both rest and exercise.
Pulmonary capillary blood volume is little affected by expansion of the lung from FRC to TLC either at rest or exercise.
We have compared The discrepancy between the steady state and breath-holding DL at rest and their similarity at exercise may be explained by postulating that the distribution of ventilation and perfusion with respect to diffusing capacity becomes more uniform from rest to exercise.
